Objective-To investigate trends, patient characteristics, and survival associated with AIDSdefining cancer (ADC) and non-AIDS defining cancer (NADC) in the HAART era.
Introduction
Since 1996, use of HAART has decreased morbidity and mortality associated with HIV infection and AIDS [1] . In the current HAART era, AIDS-associated causes of morbidity and mortality have decreased, and noninfectious processes, including cardiovascular disease, non-AIDS malignancies, and pulmonary disease, represent an increasing proportion of total burden of disease [1] [2] [3] [4] [5] [6] [7] . With improved survival, the HIV-infected population is also aging, and the number of individuals diagnosed with AIDS over the age of 50 years has more than quintupled since 1996 [8] .
Similar to other opportunistic illnesses, the AIDS-defining cancers (ADC) Kaposi sarcoma and non-Hodgkin's lymphoma (NHL) have decreased in incidence since 1996 [9] . The rates of cervical cancer, however, have not changed [9] [10] [11] [12] [13] . While Kaposi sarcoma and NHL continue to constitute the majority of malignancies observed in persons with AIDS, non-AIDS-defining cancers (NADC) represent an increasing proportion of the cancers observed, and, compared with the general population, HIV-infected populations experience elevated risk of a number of NADC, including anal cancer, lung cancer, liver cancer, and cancers of the head and neck [9, 14, 15] . For the HIV clinician, these changing patterns have important implications regarding cancer screening, diagnosis, and treatment. This study of a large, urban cohort of HIV-infected patients examines the incidence rates, patient characteristics, and survival outcomes associated with malignancy between 1996 and 2005.
Methods
The Johns Hopkins University AIDS Service provides comprehensive primary and subspecialty medical care and social services. All patients who enroll in continuity care are offered the opportunity to join the prospective, observational study of the clinical cohort. At baseline, an exhaustive evaluation of medical and social histories, physical examination, and laboratory studies are recorded and these data are prospectively updated from the clinic-based medical record by trained data monitors every 6 months, with new medical diagnoses, hospitalizations and procedures, pharmaceutical prescriptions and filling, and laboratory and radiographic results. A separate death database of cohort participants is maintained and updated, using the Maryland Bureau of Vital Statistics and the National Death Index for participants who are lost to follow-up for more than 1 year. Maintenance of the database and use of its contents for analysis of patient outcomes are approved by the Institutional Review Board of the Johns Hopkins University School of Medicine.
For this analysis, a retrospective analysis was performed of the 2566 HIV-infected patients enrolled in the clinical cohort who contributed any person-time from January 1, 1996 through December 31, 2005 and all cases of pathologically confirmed, incident malignancies diagnosed were identified. To confirm identified cases and screen for missed cases, identifying information of patients in the cohort were matched with the Tumor Registry of the Johns Hopkins Hospital Kimmel Cancer Center, which records all cases of malignancy diagnosed or treated at the Johns Hopkins Hospital since 1995. Nonmelanoma skin cancer was excluded from the analyses as this is not systematically ascertained and not thought to cause significant morbidity or mortality. As only a small number of each cancer type occurred, cases were grouped into ADC and NADC for most analyses examining trends in incidence and survival.
Demographic and clinical variables at baseline and at the time of cancer diagnosis were evaluated to analyse the characteristics of the cancer patients and the general cohort. Demographic variables included age, race (White, Black, or Other), and sex. HIV transmission risk factors included injection drug use, men who had sex with men, and heterosexual transmission, defined as heterosexual activity with a partner infected with HIVor at high risk for HIV. Risk factor assignment was not mutually exclusive. Clinical variables included CD4 cell counts (cells/μl) and plasma HIV-1 RNA (copies/ml) at baseline and the time of cancer diagnosis. HAART was defined as concomitant use of three antiretroviral drugs, either from two classes (nucleoside reverse transcriptase inhibitors, nonnucleoside reverse transcriptase inhibitors, protease inhibitors, or a fusion inhibitor) or three nucleoside reverse transcriptase inhibitors. Patients were considered to be taking HAART if they were receiving any of these combinations for more than 30 days. Chronic hepatitis B virus (HBV) infection was defined by repeated detection of plasma HBV surface antigen. Chronic hepatitis C virus (HCV) infection was defined by detection of plasma anti-HCV antibody. Opportunistic infections were defined by the 1993 Revised Classification System for HIV Infection and Expanded Surveillance Case Definition for AIDS Among Adolescents and Adults by the Centers for Disease Control and Prevention [16] . Univariate analyses compared sociodemographic and clinical characteristics of those with NADC, ADC, and the general cohort. Continuous data were categorized and categorical data were compared using χ 2 tests.
Poisson regression was used to compare ADC and NADC incidence rates over time. To compare rates of specific cancers with rates in the general population, the standardized incidence ratios (SIR) were calculated, defined as the ratio of the observed number of cancer cases to the expected number of cases. Expected cases were estimated using age-, race-, sex-, and calendar year of diagnosis-specific rates occurring in Detroit, Michigan, USA, as recorded in the Surveillance Epidemiology and End Results database [17] . Data from Detroit were used as it is similar in size and socioeconomic distribution to Baltimore [18] . Averaged national rates for Kaposi sarcoma from 1973 to 1979 were used to estimate expected cases because contemporaneous general population rates for Kaposi sarcoma are distorted by the large number of cases in HIV-infected persons [9] . Head and neck cancers included all cancers of the mouth, oropharynx, nasal passage, sinuses, and larynx. Squamous cell carcinoma of the rectum was included with anal cancers. Exact 95% confidence intervals (CI) were calculated for each SIR [19] .
Survival analysis included Kaplan-Meier estimates and Cox proportional hazards models using all-cause mortality as the outcome of interest. For NADC and ADC, estimated survival was calculated as time from cancer diagnosis to death. Survival curves were statistically compared using log-rank tests. Mortality associated with demographic and clinical variables for NADC and ADC was analyzed in univariate and multivariate Cox proportional hazards models with preselected clinical and demographic variables believed to be associated with increased mortality among HIV-infected persons and, therefore, potential confounders. All reported P values are two sided and all statistical analyses were carried out using Stata 9.0 (Stata Corporation, College Station, Texas, USA).
Results
The Johns Hopkins AIDS clinic cohort followed a total of 2566 individuals, contributing a total of 19 491 person-years of follow-up between January 1, 1996 and December 31, 2005. At clinic enrollment, patients diagnosed with an NADC were older than patients in the general cohort and those diagnosed with an ADC (median ages 45, 38, and 35 years, respectively; P <0.001; Table 1 ). Compared with patients with ADC, patients with NADC were also more likely to be injection drug users (26% and 49%, respectively; P = 0.001) and to have chronic HCV infection (30% and 50%, respectively; P = 0.003). Patients with ADC were more likely to be immunosuppressed than those with NADC and the general cohort at clinic enrollment (P <0.001). Baseline HIV viral load tended to be greater in persons diagnosed with an ADC than those diagnosed with an NADC or the general cohort (HIV-1 RNA ≥5.0 log 10 copies/ml in 47%, 24%, and 28%, respectively; P = 0.003).
Patients diagnosed with an NADC also tended to have longer durations of clinic follow-up compared with those diagnosed with an ADC and the general cohort (median follow-up times 5.2, 3.5, and 4.5 years, respectively; P = 0.029). At the time of cancer diagnosis, those with NADC were more likely to be older than those with ADC (P <0.001) ( Table 2 ). They also had higher CD4 cell counts (P <0.001), were less likely to have a history of opportunistic infections (57% and 70%, respectively; P = 0.033), and, of those taking HAART at cancer diagnosis, were more likely to be virologically suppressed (59% and 57%, respectively; P = 0.007). However, those with NADC or ADC did not significantly differ by history of HAART exposure preceding or at the time of cancer diagnosis.
Importantly, patient profiles also varied within subtypes of NADC and ADC. For example, 26 of the 29 cases of lung cancer and 10 of the 13 cases of liver cancer occurred in Black patients; 7 of the 10 cases of anal cancer occurred in White patients, and the 14 cases of head and neck cancer were nearly evenly divided between races. Among ADC, Kaposi sarcoma and NHL occurred predominantly in males (91% and 78%, respectively) and approximately two-thirds of both groups had CD4 cell counts <200 cells/μl at the time of cancer diagnosis; however, of the 15 cases of cervical cancer, only five women had CD4 cell counts <200 cells/μl at the time of cancer diagnosis. Most Kaposi sarcoma and anal cancer occurred in men who have sex with men (74 and 90%, respectively).
Since 1996, 115 cases of NADC were diagnosed for an overall incidence rate of 5.9/1000 person-years, including 29 cases of lung cancer, 14 cases of head and neck cancers, 13 cases of liver cancer, and 10 cases of anal cancer. There were 138 cases of ADC for an overall incidence rate of 7.1/1000 person-years, which included 68 cases of Kaposi sarcoma, 55 cases of NHL, and 15 cases of cervical cancer. The 55 NHL included 26 cases of diffuse large B cell lymphoma, 21 cases of primary CNS lymphoma, 2 cases of Burkitt lymphoma, and 6 cases of other or unknown lymphomas.
The incidence of ADCs decreased from over 12/1000 person-years in 1996 to <4/1000 personyears in 2005 (P <0.001 for trend). In contrast, NADC incidence tended to increase between 1996 and 2005 from 3.9 to 7.1/1000 person-years (P = 0.13 for trend) (Fig. 1) . Poisson analysis of trends of specific cancers was only statistically significant for Kaposi sarcoma and NHL. Kaposi sarcoma incidence steadily fell from 5/1000 person-years in 1996 to 1/1000 personyears in 2005 (P = 0.023 for trend), and NHL incidence also decreased from >5/1000 personyears in 1996 to 1/1000 person-years in 2005 (P = 0.012 for trend). Cervical cancer incidence remained statistically unchanged at 1-2/1000 person-years. Rates of lung, liver, and head and neck cancers all tended to increase from 1996 to 2005; however, none of these trends were statistically significant owing to small sample size (data not shown).
Risk of a number of cancer types was elevated among the HIV-infected cohort compared with the general population ( Table 3) . Risks of the three ADC were between 16-and 5000-fold that of the general population. Similarly, risk of the four NHL types were between 4-and 2100-fold that the general population. Of the most common NADC observed in our cohort, the risks were between 5-and 39-fold that of the general population, in particular for cancer of the lung (SIR, 5.5; 95% CI, 3.7-8.0), head and neck (SIR, 5.1; 95% CI, 2.8-8.6), liver (SIR, 16.5; 95% CI, 8.8-28.2), and anus (SIR, 39.0; 95% CI, 18.7-71.7). Compared with the general population, this HIV-infected population also demonstrated statistically significantly increased rates of esophageal cancer, bladder cancer, Hodgkin's lymphoma, and melanoma; however, there was no difference in the risk of breast, prostate, or colorectal cancers.
Overall there was no statistical difference in mortality from time of cancer diagnosis between those diagnosed with an ADC and those diagnosed with an NADC (Fig. 2) ; however, during the first 2 years following cancer diagnosis, persons with an ADC experienced increased mortality compared with those diagnosed with an NADC (P = 0.06). Overall, the median survival time from diagnosis of all ADC was 315 days (95% CI, 220-623); more specifically, the median survival time of NHL was 119 days, Kaposi sarcoma 422 days, and cervical cancer 1199 days. The overall median survival time of NADC was 654 days (95% CI, 295-845); more specifically, the median survival time of liver cancer was 91 days, lung cancer 175 days, head and neck cancer 730 days, and anal cancer 970 days.
Demographic and clinical characteristics associated with increased mortality among those with ADC and NADC are shown in Table 4 . Among those with ADC, age >50 years at the time of cancer diagnosis was significantly associated with an approximate doubling of the risk of death compared with age <40 years, after adjusting for race, gender, and CD4 cell count at time of cancer diagnosis (adjusted hazard ratio, 2.21; 95% CI, 1.00-4.89). Women diagnosed with an ADC experienced nearly twice the risk of death compared with men in the multivariate model (adjusted hazard ratio, 1.96; 95% CI, 1.12-3.48). CD4 cell count at the time of cancer diagnosis was highly associated with mortality risk among those diagnosed with an ADC in both the univariate and multivariate analyses; however, virological suppression at cancer diagnosis was not associated with mortality risk. When the multivariate models were stratified by virological suppression, the trend of increased mortality risk with increased immunosuppression remained; however, the trend was statistically significant only among patients who were not suppressed. Additionally, analysis of patients with very high plasma viral load (≥5.0 log 10 copies/ml) at the time of diagnosis of ADC found viral load not to be significantly associated with mortality risk in univariate analysis. However, when stratified by HIV-1 RNA, <5.0 or >5.0 log 10 copies/ ml, the trend of increased mortality risk with increased immunosuppression was statistically significant only for patients with HIV-1 RNA <5.0 log 10 copies/ml (data not shown). Finally, age, gender, race, and CD4 cell count at the time of cancer diagnosis were not significantly associated with increased mortality among those diagnosed with a NADC.
Discussion
This paper has several important findings. First, since 1996, rates of ADC have markedly decreased while NADC rates have tended to increase and have become more frequent than ADC within this cohort. Currently, several NADC, particularly lung, liver, anal, and head and neck cancers, occur at rates significantly higher than those expected in the general population. While individuals diagnosed with NADC are healthier in regards to their HIV disease at the time of cancer diagnosis, their survival is as poor as those diagnosed with ADCs.
Cancer rates in this urban cohort mirrored trends seen nationally [9] . The sharp decline in ADC has resulted from a decreasing incidence of Kaposi sarcoma and NHL, which are strongly associated with immunosuppression [20] . While decreasing rates of Kaposi sarcoma were observed prior to 1996, the precipitous decline of Kaposi sarcoma and NHL since 1996 has been caused by use of HAART [9-13,21]. The trends in incidence of cervical cancer and NADC have been less consistent in the HAART era, probably because they are less associated with degree of immunosuppression than Kaposi sarcoma and NHL [10, 12, 14, 20] . In this study, greater immunosuppression was observed at both clinic enrollment and cancer diagnosis among those with ADC. The two cancer groups did not differ by history of HAART exposure at the time of cancer diagnosis; however, of those patients taking HAART at the time of cancer diagnosis, patients diagnosed with an NADC were more likely to be virologically suppressed than patients diagnosed with an ADC. This may suggest that, while HAART protects against ADC, patients receiving virological benefit from HAART are still at risk of developing NADC. Additionally, the unreliable prognostic value of CD4 cell count at the time of ADC diagnosis for patients with either suppressed or very high viral loads in this study adds to recent investigations of the role of viral load in risk of opportunistic clinical outcomes [22] . Finally, this study reveals that NADC now forms the majority of cancer cases observed in this urban clinical cohort, which is consistent with the trend of several recent studies [9, 12, 15] . Consistent with other studies, incidence of Kaposi sarcoma, NHL, and cervical cancer was greater among this urban HIV-infected cohort than in the general population [9, 12, 15, 23] . The incidence of cervical cancer has not changed since 1996, and one study demonstrated no elevated risk of cervical cancer among HIV-infected women compared with uninfected women in the setting of rigorous gynecological screening [24] . While the Johns Hopkins AIDS Service provides comprehensive gynecological services and has demonstrated high screening rates, these results suggest further efforts to increase screening and follow-up are needed to improve clinical care [25] .
The increased incidence of specific NADC in HIV-infected populations has been attributed to the high rates of smoking, alcohol use, and chronic infection by oncogenic viruses such as the hepatitis viruses and human papilloma virus [12, 18, 26] . Following national trends, the most common NADC in this cohort was lung cancer, observed at rates exceeding expected incidence. The increased risk of lung cancer in HIV-positive patients is at least partly independent of smoking history [18, 27] . Additionally, liver cancer, head and neck cancers, anal cancer, bladder cancer, esophageal cancer, Hodgkin's lymphoma, and melanoma were observed at rates greater than would be expected in the general population [9, 12, 14, 15, 21, 28] . The elevated risk of liver cancer is likely partly a result of the high rates of HCV and HBV infection in this cohort. Of the 13 identified with liver cancer, nine individuals were chronically infected with HCV (69%), six were chronically infected with HBV (46%), and three were infected with both HCVand HBV (23%).
Consistent with the literature, rates of prostate cancer, breast cancer, and colorectal cancer were comparable to the general population [9, 14, 24] . These findings argue against increased screening as a possible explanation for why HIV-infected populations have higher rates of malignancy. Indeed, it is possible that lower rates of these common cancers indicate insufficient routine cancer screening of HIV-infected individuals [26, 29] .
Our study revealed an association of older age at clinic enrollment and diagnosis of NADC, and there was an increased risk of mortality associated with older age at cancer diagnosis among those with ADC. The role of age in malignancy risk in HIV-infected populations is unclear. A study of people with AIDS over the age of 60 years in the pre-HAART era found that the NADC seen were similar to those seen in younger persons with AIDS [23] . Given the aging of the HIV-infected population in the United States and the known increase in cancer with advancing age, further studies are necessary to understand the role of age in cancer epidemiology in this population.
NADC has increasingly contributed to overall mortality among HIV-infected populations in industrialized countries [5] [6] [7] . In a recent retrospective study in France, malignancies were the second most common cause of death after AIDS, to which ADC and NADC contributed nearly equally (15% and 13% of all deaths, respectively) [30] . Our study revealed equivalent survival following diagnosis of an ADC or NADC. Among deaths from an ADC, female sex, CD4 cell count, and age at the time of cancer diagnosis were associated with increased risk of mortality. Interestingly, among NADC deaths, neither age nor CD4 cell count was associated with increased mortality risk. There was a trend for increased mortality in Black patients; however, in our cohort, both lung and liver cancer were common NADC, had higher mortality rates than other NADC, and were disproportionately diagnosed among Blacks. Previous work has not demonstrated increased mortality in HIV-infected patients with lung cancer compared with seronegative patients [31] . Future cohort studies will need to evaluate the relationship between race and mortality from NADC.
There are several limitations to our study. First, the number of cases of specific cancer types was too small to analyze for specific factors associated with incidence and survival; therefore, we were limited to making general observations regarding ADC and NADC. Additionally, though the population is representative of HIV in urban settings, these results are based upon patients from a single institution with a high proportion of injection drug users and indigent patients. Also, malignancy diagnosed for a patient at another hospital may have been missed by this analysis; however, our hospital serves as the primary care center for these patients, and a recent analysis demonstrated that 96% of all admissions occurred at our hospital (unpublished data). Given that care for patients with cancer is longitudinal, we believe that we captured almost all the cases. We also did not have data on cigarette or alcohol use for all individuals in the cohort; therefore, we could not analyze the roles of these important risk factors for cancer. Finally, our survival analysis used death from all causes and did not differentiate deaths caused by AIDS or by cancer.
This study of cancer epidemiology in an urban cohort of HIV-infected patient has important implications for HIV clinicians and researchers. From a clinical perspective, it demonstrates an increasing incidence of NADC, and it underscores the importance of prevention and early clinical evaluation of patients possibly symptomatic for one of the common NADC, particularly lung cancer, head and neck cancers, liver cancer, and anal cancer. While patients diagnosed with NADC typically do not present with advanced HIV disease, their mortality is comparable to those with ADC. This study corroborates a number of other studies of cancer trends, risks, and mortality in the HAART era, including elevated rates of several NADC compared with the general population. Given the general observations noted in our study, combined cohort studies of risk of specific NADC and associated mortality risks may help to evaluate many of these pressing questions. Poisson analysis of incidence rates of non-AIDS-defining cancer (NADC) and AIDS-defining cancer (ADC) 1996-2000.
Fig. 2. Survivial following cancer diagnosis for non-AIDS-defining cancer (NADC) versus AIDSdefining cancer (ADC)
Log-rank test of survival equality, 0.74. Univariate and multivariate Cox proportional hazards models of mortality among AIDS-defining and non-AIDS defining cancer at cancer diagnosis.
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